Latest results from the H1 experiment on diffractive processes at HERA are presented. They cover inclusive measurements of diffractive deep inelastic scattering, as well as diffractive dijet production both in DIS and photoproduction regimes. Inclusive cross sections are measured based on the large statistics sample selected by the Large Rapidity Gap technique. Dijet final states are studied by using diffractive samples with tagged leading proton. Experimental data are compared to several theoretical models and to NLO QCD calculations using diffractive parton densities. Factorisation properties of diffractive ep scattering are tested.
Introduction
Diffractive processes have been extensively studied in deep-inelastic ep scattering (DIS) at the HERA collider. Such reactions, ep → eX p, are characterised by the presence of a leading proton in the final state carrying most of the proton beam energy, and a large rapidity gap (LRG) separating it from the rest of the hadronic system, X.
Both short distance and long distance physics contribute to diffractive DIS at essential level. Such a complicated interplay between soft and hard phenomena makes theoretically challenging to understand diffraction at HERA at quantitative level. In 'hadronic language' diffraction is best described in the framework of Regge formalism as a t-channel exchange of a leading trajectory with the vacuum quantum numbers, named Pomeron. Specific interest to diffraction as a 'physics of Pomeron' is related to the fact that the Pomeron exchange asymptotically dominates over all other contributions to the scattering amplitude, and thus represents the essence of strong interactions in high energy limit. Translating to the modern partonic language this reveals that colourless exchange is important in low-x regime (which is high energy limit of QCD) where gluons expect to dominate.
One of the central problems in hard diffraction is the question of QCD factorisation, i.e. the question whether it is possible to describe diffractive cross section by a convolution of nonperturbative diffractive parton distribution functions (DPDFs) with universal partonic cross sections. For diffractive DIS QCD collinear factorisation theorem has been proven by Collins [1] while it fails for hadron induced reactions, as measured e.g. at the Tevatron [2] . In addition it is important to test a conjecture of Regge factorisation which assumes that the diffractive cross section can be expressed as a product of Pomeron flux and its structure function.
In this paper we first present final H1 measurement of inclusive diffraction in DIS, based on high statistics LRG sample [3] , and then describe diffractive dijet production with tagged proton in DIS regime [4] and in photoproduction [5] . Both hard QCD and Regge factorisation hypotheses are confronted with these data.
Inclusive Diffraction in DIS
A new measurement [3] of the diffractive neutral current DIS cross section using 375 pb −1 data sample recorded with the H1 detector in the years 1999-2000 and 2004-2007 were combined with previously published H1 LRG data [6] of 74 pb −1 taken in 1997 and 1999-2000. This provided a final single set of diffractive cross sections covering wide range of photon virtualities, Q 2 from 3 to 1600 GeV 2 and diffractive variable 0.0017 ≤ β = x/x IP ≤ 0.8 in five fixed values of x IP from the interval 0.0003 ≤ x IP ≤ 0.03. Here x IP is the fractional momentum loss of the incident proton and x is usual Bjorken variable. The new combined data have a total uncertainty between 4% and 7%. The results are corrected to the region M Y < 1.6 GeV, and |t| ≤ 1 GeV 2 and hence contain in addition to elastic diffraction some admixture of low mass proton dissociation. The fraction of p-dissociation was estimated by comparing these LRG data with FPS measurements [7] in which outgoing proton is directly tagged in Roman Pots (M Y = M p ):
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Recent H1 results on diffraction Sergey Levonian In figure 1 new LRG cross sections are compared with H1 FPS measurement and with recent ZEUS results [8] . They are in fair agreement, up to the global normalisation factor (∼ 10% between H1 and ZEUS LRG cross sections). The data are also compared to two different QCD models. Figure 1a shows resolved Pomeron model predictions based the H1 2006 DPDF Fit B [6] , which assumes proton vertex factorisation. In figure 1b the data are compared to the dipole model [9] . In the low Q 2 range, for Q 2 < 8.5 GeV 2 , the dipole model, which includes saturation effects, seems to better describe the data, whereas for larger β it tends to underestimate the measured cross section. 
−0.06 GeV 2 from previous H1 measurement [7] . As illustrated by figure 2 no significant Q 2 dependence of the Pomeron intercept was observed, which supports the proton vertex factorisation hypothesis. The average value is found to be α IP (0) = 1.113 ± 0.002(exp.)
It is interesting to note, that while α IP (0) is close to the 'soft Pomeron' intercept [10] , the value of the slope α ′ IP is characteristic to 'hard Pomeron' (no or very small shrinkage). This indicates a complicated interplay of soft and hard phenomena in diffractive DIS.
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Diffractive dijets and QCD factorisation
Dijet final states in diffraction at HERA are especially interesting as they directly constrain the diffractive gluon density. Moreover, by investigating dijet production at different Q 2 one can check QCD factorisation and eventually its breaking in more detail. Namely, one could expect to observe different behaviour of so called gap survival probability in direct (x γ = 1, DIS-like) and resolved (x γ < 1, hh-like) photoproduction processes, where x γ is a fraction of the photon four-momentum participating in hard subprocess.
New H1 measurements of the diffractive dijet production with tagged leading proton are available both in DIS [4] and photoproduction [5] regimes. In DIS case elastically scattered proton is detected in FPS stations at z = 61 and 80 m from the interaction region, covering kinematic region x IP < 0.1 and 0.1 < |t| < 0.7 GeV 2 , while in photoproduction new VFPS (z = 220 m) is used with acceptance of 0.010 < x IP < 0.024 and |t| < 0.6 GeV 2 . In both analyses unfolding procedure is applied to account for migration and detector resolution effects. Jets are reconstructed by the longitudinally invariant k T -algorithm with jet radius of 1.0.
In DIS sample (4 < Q 2 < 110 GeV 2 ) dijets are measured for two distinct event topologies. For the 'two central jets' topology (581 events) jets with transverse momentum in the γ * p centre of mass system P * T,1 > 5 GeV and P * T,2 > 4 GeV are required in the pseudorapidity range −1 < η 1,2 < 2.5 in the laboratory frame. For the 'one central + one forward jet' topology (309 events) which is motivated by the study of diffractive DIS processes in a phase space where deviations from DGLAP parton evolution may be present, jet selection is as follows. At least one central jet with −1 < η c < 2.5 and one forward jet with 1 < η f < 2.8, where η f > η c , are required with P * T > 3.5 GeV. In addition, the invariant mass of the central-forward jet system is required to be larger than 12 GeV to avoid the phase space region in which NLO QCD calculations are unreliable.
The measured cross sections are extrapolated to the region |t| < 1.0 GeV 2 for easier comparisons with LRG measurements and DPDF fits. Examples of differential cross sections for both event topologies are shown in figure 3 . They are fairly well described by NLO QCD calculations using NLOJET++ program [11] and two different H1 DPDF parametrisations. This supports QCD
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For untagged photoproduction analysis (Q 2 < 2GeV 2 ) at least 2 jets with E jet1 T > 5.5 GeV and E jet2 T > 4 GeV are required, both in −1 < η jet1,2 < 2.5 range. This gives a sample of 4800 dijet events. Results are compared to the LO Monte Carlo Rapgap [12] and to NLO QCD calculations [13] adapted for diffractive applications. NLO QCD predictions are scaled down by a factor 0.83 in order to correct for proton dissociation fraction in H1 DPDFs extracted from LRG data (see section 2).
The measured differential cross sections as a function of x γ , z IP and E jet1 T , where z IP is the Pomeron momentum fraction entering to the hard subprocess, are shown in figure 4 . LO MC underestimates the data. NLQ QCD describes the shapes of all distributions fairly well, but overestimates the absolute cross section by a global, x γ independent factor, indicating factorisation breaking in diffractive photoproduction. The gap survival probability is measured to be σ DATA /σ NLO = 0.67 ± 0.04(stat) ± 0.09(sys) ± 0.20(scale) ± 0.14(PDF) in agreement with previous H1 measurement [14] using tagged photoproduction and LRG method. This conclusion is somewhat different from the one obtained by ZEUS [15] although at the current level of precision the results agree within large model uncertainty. Also, some weak E T dependence of suppression factor cannot be excluded. In order to sharpen the conclusion the dominant uncertainties of the measurement must be reduced significantly. This could be achieved by measuring double ratio of σ DATA /σ NLO in photoproduction and DIS in otherwise the same phase space.
Summary
Precision measurement is now available, representing a final H1 word on inclusive LRG cross sections in DIS based on full HERA data. These data provide new constraints to QCD models and support proton vertex factorisation hypothesis. By comparison with proton-tagged cross section, a 20% contribution of proton dissociation is found to be present in H1 LRG data.
Diffractive dijet production is studied both in DIS and photoproduction regimes. In DIS case both shapes of the distributions and the cross section value are well described by NLO QCD calculations, thus supporting QCD factorisation. In photoproduction regime the measured cross sections are smaller than those predicted by NLO QCD by a factor of about 0.67 which indicates factorisation breaking. Contrary to naïve expectation, the value of this gap survival probability is the same in resolved and direct processes, showing no evidence for x γ dependence.
Several features of these new measurements reveal a complicated interplay of soft and hard phenomena which still represents a challenge for theoretical models of ep diffraction.
